Malnutrition, poor food intake, and adverse healthcare outcomes in non-critically ill obese acute care hospital patients
admission in obese patients. Recently, Cereda and colleagues investigated the association between BMI and in-hospital 78 mortality from the 2006-2014 combined 'nutritionDay worldwide' dataset including over 79 97000 adult patients from hospitals in 51 countries (1). After controlling for confounders such 80 as demographics (age, gender), nutritional factors (history of weight change, food intake in 81 week preceding data collection), and medical factors (reason for hospitalisation, surgical 82 procedures performed, intensive care admission, number of medications) and mobility, 83 researchers found that low BMI (<18.5 kg/m 2 ) was an independent predictor for in-hospital 84 mortality (odds ratio (OR): 1.35, 95% confidence interval (CI): 1.20-1.53, p value <0.001) (1). 85 Cereda et al. concluded that overweight and obesity had protective associations with 30-day in-86 hospital mortality given that mortality was lowest in patients in the obese category (BMI ≥ 87 30kg/m 2 ; OR: 0.73, 95% CI: 0.62-0.86, p value <0.001) (1).
89
Despite strong associations with increased healthcare costs and mortality in healthy populations 90 (2) (3) (4) , in 2002, Gruberg and colleagues noticed that obesity (BMI ≥ 30kg/m 2 ) had a protective 91 association in a cohort of post-percutaneous coronary interventions (5) . Many studies since 92 have demonstrated this phenomenon, known as the 'obesity paradox' or 'reverse 93 epidemiology', particularly in cardiovascular and metabolic disease, some cancers and end-94 stage renal disease (5, 6) . However, studies demonstrating protective associations between 95 obesity and improved survival define obesity using BMI, an inherent limitation of which is that 96 it does not distinguish lean body mass from fat mass, which have different implications for 97 health and survival (7) . In a large observational study of critically ill patients (N= 6518) hospital mortality (8) . Critically ill obese patients (BMI ≥ 30kg/m 2 ) with malnutrition had 101 greater odds of 30-day in-hospital mortality (OR: 1.58; CI: 1.21 -2.07, p = 0.001) than well-102 nourished counterparts (8) .
104
Malnutrition is the result of nutritional intake that is inadequate to support physiological 105 requirements (9) . Several factors can contribute to inadequate nutritional intake, including 106 physical, physiological, psychological, and socio-environmental (10) . Evidence-based 107 guidelines support the use of a range of validated nutrition screening tools (such as Malnutrition 108 Screening Tool (MST) (11) ) and assessment methods (such as Subjective Global Assessment 109 (SGA) (12)) to identify malnutrition (13) . Further, the International Classification of Diseases 110 and Related Health Problems, version 10, Australian modification (ICD-10-AM), defines 111 malnutrition as BMI <18.5 kg/m 2 or unintentional weight loss of at least 5% with evidence of 112 sub-optimal intake resulting in subcutaneous fat loss and/or muscle wasting" (14) .
114
The Australasian Nutrition Care Day Survey (ANCDS) conducted in 2010 reported the 115 prevalence of malnutrition, poor food intake and associated health-related outcomes in over 116 3000 acute care patients admitted in 56 hospitals across Australia and New Zealand (15, 16) .
117
Malnutrition was observed in 30% of the cohort and defined as low BMI (<18.5kg/m 2 ) and 118 moderate/severe malnutrition as determined by SGA (15) . Food intake observed over a hour period indicated that one-in-four participants consumed no more than 25% of the offered 120 food (15) . After controlling for confounders (age, disease type and severity, and type of 121 admission), the hazard ratio of 90-day in-hospital mortality for malnourished patients who 122 consumed up to a quarter of the offered food was 2.3 times greater than well-nourished patients 123 (CI: 1.39-3.76, p < 0.001) (16) . (presence of malnutrition and poor food intake) and their independent association with health-127 related outcomes specifically in obese acute care patients. This paper will also provide insight 128 on malnutrition coding and nutrition support offered to not critically ill obese acute care patients 129 who were malnourished. 
Study design:
The ANCDS was a prospective cohort study conducted over two phases. 153 Phase I (baseline) was conducted in June-July 2010 (15) and Phase II was conducted after 154 three months (16) . in the study by providing written informed consent (15) . Patients were excluded if they 159 were likely to be discharged or undergo surgery during the baseline data collection period, 160 were either terminally ill or undergoing end-of-life palliative care, had disordered eating, 161 were outpatients or admitted in certain wards (including maternity and obstetrics, high 162 dependency units, emergency departments, intensive care units, rehabilitation) (15) . 163 Further details on inclusion and exclusion criteria, patient recruitment and data elements 164 have been previously published (15) . (17) . Dietitians also screened the participants 175 for nutrition risk using the MST (11) . The MST includes two questions related to appetite and recent unintentional weight loss and provides a score ranging from 0-5, 177 with a score of ≥ 2 indicating nutritional risk (11) . Dietitians used the valid and 178 reliable Subjective Global Assessment (SGA) to comprehensively assess patients 179 with an MST score ≥ 2 to determine a diagnosis of malnutrition (12) . The SGA is a of sub-optimal intake resulting in subcutaneous fat loss and/or muscle wasting") (14) .
191
Therefore, participants with a BMI <18.5 kg/m 2 and/or assessed as SGA-B or SGA-192 C were grouped in the "malnourished" category (14) .
194
Dietitians also recorded the type of diet offered to participants along with observing 195 their food intake over the 24-hour data collection period after each main meal 196 (breakfast, lunch and dinner) and snack (morning and afternoon tea) (15) . Intake for 197 supper was recorded by visual estimation, nursing records or patient recall the 198 following morning (15) . Intake was recorded on a five-point scale (0%, 25%, 50%, 199 75%, and 100%) (15) . From a list of possible options, patients selected their reason/s 200 for not consuming all the offered food at each main meal and snack (15) . 
215
The dataset file was split to identify variables that demonstrated significant associations 216 with outcome variables at a bivariate level for obese patients (BMI ≥ 30kg/m 2 ). These 217 variables were then incorporated into regression models to identify independent 218 associations with outcome variables. Survival analysis was conducted using the Kaplan-
219
Meier test to evaluate differences between participants that were obese and malnourished 220 versus those who were non-obese and well-nourished or malnourished.
221
Preliminary assumption testing was conducted to ensure no violation of the assumptions, 222 including multicollinearity. High inter-correlations were observed between diet type and 223 nutritional status, and therefore diet type was excluded from the regression models. A p-224 value < 0.05 was considered statistically significant. Over 25% of the cohort were classified as obese (n = 750; Median BMI: 34 kg/m 2 (range: 231 30-85kg/m 2 )) ( Table 1) . Participants in the obese category were significantly younger, had 232 the highest proportion of females and those who identified themselves as Maori (p<0.001) 233 (Table 1) .
234
Obese participants had a significantly higher proportion of elective admissions and a 235 significantly lower proportion of severe/catastrophic disease severity (p<0.001) ( Table 1) . 236 Malnutrition risk was significantly lower in obese participants (p<0.001) ( Table 1 ). The 237 average prevalence of malnutrition in the obese group was 14% (n = 105) which was 238 significantly lower than other BMI categories (Table 1 ). In comparison to other BMI 239 categories, a significantly greater proportion of patients in the obese categories consumed 240 100% of the offered meals during Phase I of the study (Table 1) .
241
Overweight and obese participants had a significantly lower LOS in comparison to 242 participants in other BMI categories (p<0.001) (Table 1 ). There was no significant 243 difference in readmission rates and 30-day in-hospital mortality amongst the participants in 244 the underweight, normal weight, overweight and obese categories (Table 1) . Ninety day in-245 hospital mortality rates were significantly higher in participants in the underweight category 246 and significantly lower in participants in the overweight category (p = 0.030) ( Table 1) . 
Comparison of food intake and provision of nutritional support as per nutritional
249 status within BMI categories 250 When BMI categories were compared as per nutritional status, one-in-three malnourished 251 participants across all BMI categories consumed ≤25% of the offered meals during Phase I 252 of the study p<0.001) ( Table 2 ). Seventy percent of malnourished obese participants were 253 offered diets without additional nutritional support during Phase 1 of the study, which was 254 significantly higher than malnourished patients in other BMI categories (p = 0.018) (Table   255 2). Malnourished participants across all BMI categories had significantly longer median LOS 260 in comparison to their well-nourished counterparts (p = 0.005) ( Table 3 ). However, sub-261 group analyses indicated that malnourished participants in the obese class III category had 262 the longest median LOS (23 days (range: 3-199), p = 0.009) ( Table 3 ). There was no 263 significant difference for readmissions amongst the participants (p= 0.183) ( Table 3 ). The 264 highest proportion of 30-day and 90-day in-hospital mortality was observed in 265 malnourished obese participants (p<0.001) ( Table 3) . 
Malnutrition coding 268
A significantly lower proportion of malnourished overweight and obese participants were 269 coded for malnutrition (p<0.001) ( Table 4 ). (Table 5 ). Malnutrition did not have a significant 286 association with 30-day in-hospital mortality (Table 5 ). However, both, malnutrition 287 and consumption of ≤ 25% of the offered food trebled the odds of in-hospital mortality 288 within 90 days of hospital admission ( Table 5 ). Malnourished obese patients had 289 significantly lower survival than those who were not obese and were either well-290 nourished or malnourished (p = 0.043). After controlling for potential confounders, the 291 hazard ratio of 90-day in-hospital mortality for malnourished obese patients who also 292 consumed ≤ 25% of the offered food was 2.9 times greater (CI: 1.13-7.54, p = 0.027) 293 than well-nourished obese patients who ate > 25% of the offered food (Figure 1) . The aims of the present paper were to determine if malnutrition and poor food intake exists in 308 obese, non-critically ill acute care patients and the independent association of these nutritional 309 issues with health-related outcomes. In comparison to other BMI categories, the prevalence of 310 malnutrition, poor food intake, and risk of adverse outcomes was significantly lower in obese 311 participants. However, when BMI categories were further classified by nutritional status as 312 assessed by SGA, malnourished obese patients were least likely to be offered diets with 313 additional nutritional support and experienced the highest in-hospital mortality in comparison 314 to all other participants. Malnourished obese participants who also consumed a quarter or less 315 of the offered meals were three times more likely to experience 90-day in-hospital mortality in 316 comparison to well-nourished obese patients who consumed at least half the offered meals.
Regression analyses

317
Therefore, these results highlight the limitation of using BMI as a surrogate measure for 318 nutritional status and emphasise the importance of validated nutrition screening and assessment 319 methods to routinely determine nutritional status in acute care hospital patients.
321
Sarcopenia is characterised by the generalised and age-related loss of muscle mass, consequent 322 loss of strength and function, and progressive risk of adverse outcomes particularly prolonged 323 hospital LOS and overall mortality (18, 19) . Obese patients who are acutely ill are at an 324 increased risk for metabolic stress-induced loss of muscle mass (20) . The loss of lean muscle 325 mass in the presence of high fat mass is referred to as sarcopenic obesity (21) . Because 326 sarcopenic obesity carries the cumulative risk of sarcopenia and obesity, it has a greater effect 327 on overall morbidity and mortality than either sarcopenia or obesity alone (21) . Although 328 diagnostic techniques such as imaging or functional tests were not used in the ANCDS to 329 diagnose sarcopenia (22, 23) participants who were at risk of malnutrition were assessed for 330 loss of muscle mass using the SGA (15) . It is possible that sarcopenic obesity contributed to the 331 negative outcomes observed in the malnourished obese participants.
333
The present study found that one-in-three malnourished obese patients had poor food intake 334 during hospitalisation. However, malnourished obese patients were also least likely to receive 335 additional nutritional support during hospitalisation. Previous studies have found that patients 336 prioritise medical treatment over nutrition during hospitalisation (24) , and tend to accept 337 anorexia (15, (24) (25) (26) as an expected outcome of hospitalisation. These patient-related barriers 338 could explain the poor food intake observed amongst malnourished obese patients. Perhaps 339 healthcare providers need to emphasise that evidence-based guidelines support nutritional 340 support in obese acute care patients and contraindicate the use of hypocaloric and low protein 341 diets as these have demonstrated association with unfavourable outcomes (27) .
343
The ANCDS reported that nutrition screening and assessment were not routinely conducted in 344 participating hospitals (17) so it is likely that malnutrition in obese patients was not identified 345 and diagnosed, and therefore additional nutritional support was not offered. A review by Puhl 346 and Heuer (2013) concluded that negative and biased attitudes towards obesity, and subsequent 347 inequities with treatment provision have been reported amongst healthcare professionals 348 including physicians, nurses, allied health staff members and students-in-training (28) . This 349 may also explain why malnourished obese patients may not have received required nutritional 350 care during hospitalisation even though evidence-based guidelines recommend early screening 351 and identification for appropriate nutrition for all hospital patients (13) . and capacity are better indicators of malnutrition (32, 33) . Valid and reliable nutrition screening 380 tools and assessment methods must be routinely used to ascertain acute care patients' nutritional 381 status. Dietitians have an opportunity to implement processes for diagnosing, documenting and 382 coding for malnutrition by actively leading an interdisciplinary approach. Finally, results from 383 this study reiterate the importance of routinely monitoring and evaluating food intake in all 384 acute care patients and providing appropriate nutritional support. (34) ; g presented as n(%); h Malnutrition Risk assessed using Malnutrition Screening Tool (MST) (11); i includes SGA-A (12) and MST<2(11); j includes moderate (SGA-B) and severe (SGA-C) malnutrition (12) , and BMI < 18.5 kg/m 2 (14); k within 30 or 90 days of hospital admission. 
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Note: Reported percentage values indicate proportion of participants within the BMI category. a BMI < 18.5 kg/m 2 ; b BMI:18.5-24.9 kg/m 2 ; c BMI: 25-29.9 kg/m 2 ; d BMI: ≥30kg/m 2 (34); LOS: Length of stay; MN: Malnourished; WN: Well-nourished; g includes SGA-A (12) and MST < 2(11); h includes moderate (SGA-B) and severe (SGA-C) malnutrition (12) , and BMI < 18.5 kg/m 2 (14); i within 30 or 90 days of hospital admission. (34) ; g includes moderate (SGA-B) and severe (SGA-C) malnutrition (12) , and BMI < 18.5 kg/m 2 (14); 
